Building upon work in environmental history and the history of science that has critically investigated the relationships between humans and ice, this article approaches the history of the Antarctic ice sheet through the particular experiences, practices and ideas of Australian glaciologists between the late 1940s and late 1980s. It seeks to understand the co-constitution of glaciological bodies-that is, the ways in which the work and search for standing and authority of individual scientists and scientific and political institutions (both scholarly and governmental) has also constituted our knowledge and sensibilities regarding the Antarctic ice sheet, the largest body of ice on Earth. This article reveals the origins of glaciology in Australia in both the heroic and nationalist stance of Douglas Mawson and others, as well as the German geographical and meteorological research traditions of Fritz Loewe. It continues by exploring the tensions between traditions of geographical research embodied by Loewe and cutting-edge developments in computational power and modelling the ice sheet emerging in the 1960s. It also demonstrates how Australian glaciologists had to navigate both the international demands of the discipline of glaciology alongside the demands of their paymasters in the Australian Government regarding territory and sovereignty in Antarctica. Thus, this article illuminates some of the multiple visions of the Antarctic ice sheet in the second half of the twentieth century, and the necessity of understanding its constitution in environmental and scientific thought by many actors.
Introduction
Since the late 1940s, Australia-and more specifically Melbourne and, from the late 1980s, Hobart-has become home to a small but internationally influential community of glaciologists studying the Antarctic ice sheet. This community of glaciologists has worked within national and international structures, and has contributed not only in terms of science to an understanding of the Antarctic ice sheet, but has also shaped environmental sensibilities about the Antarctic and the place of ice in the global environment.
This article is about developing environmental and scientific conceptions of the Antarctic ice sheet through the trajectory of the science of glaciology in Australia, from the period immediately following the Second World War to the early 1990s. It investigates 'glaciological bodies' in a multiple sense, not only the Antarctic ice sheet itself, but also the individual human bodies and the national and international institutional bodies that have explored and researched the ice, as well as the more amorphous and ever-changing body of knowledge that is the discipline of glaciology. The 'bodies' primarily investigated here are the Australian Antarctic Division, the meteorology department at the University of Melbourne, which housed or fed into the division's glaciology program for many years, and three individual scientists, Fritz Loewe, Uwe Radok and Bill Budd. It is not a comprehensive narrative of scientific programs, but an attempt to understand the co-constitution of glaciological bodies, especially the establishing of authority over and for the ice sheet and its changing 'natures' over a period of development in glaciological and environmental knowledge.
At a general level, this article participates in the literature that historicises the relationships between humans and ice. Though ice seems so singular a substance, it manifests in complex and various ways on the earth. The largest bodies of ice, the Antarctic and Greenland ice sheets, are quite distinct from small mountain glaciers, and each have developed and reacted in different ways to climate change over both geological time and more recently. Likewise, there is no single human approach to ice.
1 An historical analysis of what humans do in relation to ice, what they think of it and expect in their relations with it, can illuminate the 'cryo-historical moment' that we live in, to use Sverker Sörlin's label for this moment in which humans are forcing the retreat of ice globally.
2 Given the centrality of ice to contemporary global environmental imaginaries, it is necessary to ask how knowledge and sensibilities related to glaciers are produced and circulated, and how they become credible and authoritative.
This article takes Australian glaciology as a worthwhile lens through which to consider the history of ideas of the Antarctic ice sheet, and human-ice histories more generally, for three reasons. First, it continues the now well-established idea in the history of science that there is no 'view from nowhere', that scientific claims to universal authority and truth need to be understood as emerging from particular times and places. 4 This is especially germane in the context of Antarctica, where scientists, their institutions and disciplines have been central agents in the geopolitical contest over territory and space played out among several states over the course of the twentieth century. 5 Second, the science of glaciology has not historically been a well-populated discipline, being much smaller than many other sciences. The Australian glaciologist Bill Budd listed only 11 'specialising centres' in Antarctic glaciology in 1970, which included the University of Melbourne and centres in Britain, the United States, France, Japan and the Soviet Union-even taking into account Arctic and alpine glaciology would only have added a few more centres. 6 Analysing the Australian story of glaciology is therefore an important window into this discipline. Third, and related to both these factors of size and the 'place' of science, is the differentiation between the glaciological centres. Though there were certainly overlapping technological and field practices, and of course the theoretical and conceptual core of the discipline, each centre of glaciological expertise had different ways of approaching the Antarctic ice sheet (and glaciers more generally). 7 Several institutions have already been well analysed in this 8 By tracing the Australian experience of the Antarctic ice sheet alongside other national and transnational traditions and lineages, this article draws out the complex facets of the ice sheet's coming into scientific knowledge and environmental sensibilities.
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What emerges from the particular stories told here are the multiple, sometimes competing, visions of the Antarctic ice sheet and the associated institutions and individuals. Not simply one giant piece of ice, human interactions with the Antarctic ice sheet have constituted it as regionally variable and particular, as a field of national sovereignty and as a field of international cooperation, as a subject of virtual modelling and of localised embodiment and territoriality. As knowledge has grown over the decades, there have been fluctuations in visions of the ice sheet, between an extreme environment to be endured (primarily bodily, but also geopolitically) or as an intellectual and abstract environment to be understood and mastered. The small body of Australian glaciologists have taken a particular route through these ideas, searching for a delicate balance and mix of both individual, national and institutional standing in relation to their disciplines and professions, and in relation to Antarctic science and politics.
Inheritance
Australia has been a continent without glaciers for a long period of geological time. The Australian empire, however, gained glaciers and a wedge of ice sheet in 1933, when the Commonwealth of Australia asserted a territorial claim to just over 40 per cent of the Antarctic continent, which it named the Australian Antarctic Territory. The acquisition of this slice of the Antarctic ice sheet did not demand glaciologists per se; yet, with other scientists, glaciologists would become important When the Australian Government resolved in the post-war years to send an official expedition to Antarctica to demonstrate its sovereign intentions (neglected in the context of economic depression and war), it did so with two inheritances germane to glaciology and ice. Though parts of the Antarctic ice sheet had been seen or travelled upon by 1945, it was still a great unknown. First stepped upon by humans in 1903, there had only been limited work by a few expeditions-basic facts about its extent, including its depth, were unknown. On top of this knowledge deficit, there were two other inheritances. On the one hand was the nationalist and imperialist inheritance stretching back into the late nineteenth century and embodied in the hero of the Australian nation, Douglas Mawson. On the other hand, and rather fortuitously, was a geographical and scientific inheritance from Germany (and Europe more generally) embodied in Fritz Loewe.
Australians had become interested in Antarctica in the nineteenth century, when sealers and whalers plied the Southern Ocean, and when major explorers came through its ports, especially Hobart, Melbourne and Sydney.
10 Australians also played a significant part in the 'Heroic Era' of Antarctic exploration at the beginning of the twentieth century, most notably in the figure of the geologist Douglas Mawson, who travelled with Ernest Shackleton's Nimrod expedition of 1907-09 and later led the Australasian Antarctic Expedition between 1911 and 1914-but also included the geologist Edgeworth David and the geographer, geomorphologist and geologist Griffith Taylor, who had done much work on glacial geology during his time on Robert Scott's Terra Nova expedition, especially in the Dry Valleys during 1911.
11 Though none were glaciologists, each was interested in the effects of ice and water on landscapes.
Mawson was a particularly forceful advocate for a 'permanent connection' between Australia and Antarctica, drawing on strands of nationalism, imperialism, economic exploitation and scientific research to make his case. Indeed, Mawson was the leading figure in securing a place in the Australian imagination for Antarctica, through his own expeditionary exploits in the region, as well as through active lobbying of government for funding of scientific research and expeditions. One outcome of the cultivation of these interests and connections was that the Commonwealth of Australia made a territorial claim in Antarctica in 1933. This claim covers the region between 60° south latitude and the South Pole (90° south), and between 160° and 45° east longitudes-interrupted by the French territorial claim in Adélie Land between 142° and 136° east-a vast stretch of land and ice that was breathtaking in its presumptuousness, given that parts of its coastline and the bulk of the ice interior had never been visited or seen by any Australian or British explorer.
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Though Australia made its territorial claim in 1933, in terms of international law it did little to 'perfect' or uphold its rights until after the Second World War. In the context of post-war national reconstruction and development, the national government instituted the Australian National Antarctic Research Expeditions (ANARE) and created an Antarctic Division in the Department of External Affairs; it was based in Melbourne until the early 1980s. 13 The initial tasks of ANARE were, first, to effect the administration of Australia's Antarctic possessions, which included not only part of the continent but also the subantarctic Macquarie (south of Tasmania) and Heard (in the south-east Indian Ocean) islands. The administration and effective occupation of these territories was increasingly seen as necessary given the fact that British territorial claims in Antarctica were contested, sometimes physically and violently, by Argentina and Chile. 14 The second major task of ANARE was to form and carry out a scientific program. In part, this was also a tool of effective occupation. Despite its clear political and diplomatic uses, the scientific program instituted was connected to existing Australian research interests-notably in its concentration on meteorology and atmospheric physics-as well as being run by scientists. The scientific program was developed by Phillip Law, who was the Antarctic Division's first scientific officer in 1947, and soon after its director, leading it until 1966. 15 The earliest scientific plans emphasised meteorology (weather matters having been a central element in long-standing ideas about Australian-Antarctic connections) and other geophysical sciences, like ionospheric research (which had existing research programs in Australia). Because of the sense that glaciology was not as economically promising or practically useful as these other disciplines, it was not part of ANARE's early plans. Phillip Law was conscious of glaciology, though it was not a pressing concern for him. It seems that he had resolved by 1949 for a young University of Melbournetrained physicist, John Jelbart, to initiate glaciological research-Law thought all he needed was a 'good mathematician' to fill the job, though Jelbart also seemed to fit the image of a young, adventurous, outdoorsy type favoured by Law. 17 This may have led to Jelbart's joining the Norwegian-British-Swedish Antarctic Expedition in 1950 to be exposed to Swedish-led glaciological research; sadly, Jelbart would die on that expedition, forestalling the decisive initiation of glaciological research in the early 1950s.
18 Following this, even though Law proposed seismic sounding to determine the ice sheet's depth in the early 1950s, this research proposal did not eventuate in the short term because of cost-cutting; it was classified as 'long-term' rather than immediately pressing, and it was thought that measurements could be taken by non-specialists. 19 It is worth noting that glaciology was still a small discipline in other countries: the American glaciologist Dick Goldthwait could report only 40 academics in the United States working on glaciology in 1956, and worldwide membership of the British Glaciological Society (soon to be the International Glaciological Society) was between 300 and 400 through the 1950s, a number that included many geologists and geomorphologists. 20 If Law had difficulties in launching the field research component of a glaciological program, he was lucky in finding an institutional and intellectual home for glaciology in Australia. Law had only to look to the meteorology department at the University of Melbourne, and its leading figure, the meteorologist and glaciologist Loewe. With Loewe, Law tapped into a different inheritance of scientific and geographical research and a separate strand of early twentieth-century polar heroism.
Loewe was born in 1895 in Berlin, and his university training there was in geography, with a good deal of meteorology. 21 Following work with the Potsdam Meteorological Observatory and the Prussian Meteorological Service, Loewe became meteorologist on Alfred Wegener's expedition to Greenland in 1930-31. Wegener was among the leading German earth scientists of the era, and was the first scientist to advance a significant theory of continental drift to explain the earth's geological and tectonic structures. Among Wegener's plans for the 1930-31 expedition was to occupy a scientific base at Eismitte in the middle of the Greenland ice sheet over the winter-the first such mid-ice sheet occupation of its kind. Loewe, owing to severe frostbite that led to the amputation of his toes, unexpectedly spent the winter at Eismitte; Wegener died while returning to the coast. 22 It was with Wegener that Loewe became familiar with seismic sounding of ice depth in addition to his meteorological expertise, as Wegener's Greenland expedition was dispatched, 26 Yet, despite these early efforts, glaciology, without an already established research group in Australia and without an immediately compelling economic justification, remained in the shadows of other disciplines, and the ice sheet in the shadow of other geophysical phenomena. Even in 1960, Loewe could still comment on the seemingly marginal position of glaciology. 27 As a trained meteorologist, Loewe's approach to the Antarctic ice sheet was partly meteorological. In fact, he had already treated the Greenland ice sheet in the same way in the 1930s. 28 Loewe's initial fieldwork in Antarctica aimed to measure the snow accumulation and related wastage by evaporation, wind and iceberg calving from the ice sheet. Like most other glaciological work at the time, Loewe was concerned with amassing as much data as possible. He also ventured to suggest a bigger picture, advancing one of the first estimates of the mass balance of the ice sheet, which suggested it might be growing. In the process, he also engaged with some of the broader glaciological concerns of the time, particularly noting the global warming of the climate and the recession of glaciers. 29 Though some basic theoretical and conceptual constructs as well as data were emerging by the early 1950s, the Antarctic ice sheet remained a vast near-unknown entity.
Additionally, Loewe's approach to meteorology and to the ice sheet was as a geographer. While German geographical thought was somewhat in flux and contested during Loewe's university years, it was nevertheless a discipline insistent on broadly understanding physical environments at local and regional scales-there was some contest as to what place humans had in this picture. 30 His 1946 description of the ideal traits for Antarctic fieldwork might be read through this tradition: 'scientific initiative, sound training of a not too specialised kind, interest in diverse branches of science and the ability to recognise and tackle scientific problems as they arise in the field'. 31 His sentiments in 1960, shortly after his retirement, are also illuminating: he voiced his 'regret at the widening gap between geography and meteorology', that students were ignorant 'about the features of the earth on which they live and of which the atmosphere after all forms only a shell of insignificant thickness'-and that young meteorologists should 'look earthward and get a sound knowledge of the solid earth, and of man as its inhabitant'. Loewe also expressed the frustrations of older meteorologists, who had 'become less and less familiar with the sensual impressions of the atmosphere', relying not on their senses, but on 'weather maps produced by ticking robots'. He went on to say '[t]here would perhaps be a smaller number of "angry young men" in meteorology if they had to go out in a blizzard and had to battle with the forces of nature before reducing them to the soulless numbers of a code'. narratives of individual travel to the ice sheet. 33 Loewe's ideas articulated an older and passing approach to the polar ice sheets, one deeply embodied and local-that the Antarctic ice sheet was a real site for singular effort in the field collecting data.
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Successive generations would not, indeed could not, fully take up such an approach, basically by virtue of the fact that it seemed so incommensurable with the size of the ice sheet.
'Late in the field'
Great field efforts during the 1950s-especially the seismic sounding program during the International Geophysical Year (IGY) of 1957-58-meant that knowledge of the Antarctic ice sheet in 1960 was significantly developed compared to only a decade before. Much of this work was done by scientists from the United States and the Soviet Union, who could marshal the significant (and expensive) infrastructure and instruments to carry out such a demanding research program. Glaciologists were beginning to appreciate the ice sheet's great depths across its spatial extent, and had discovered how it was depressing and resting upon bedrock in places well below sea level. This new knowledge had been achieved through 'big science' and varying degrees of international cooperation and planning. While Loewe's approach to the ice at this time seemed to valorise individualistic and physical presence on the ice, his students and successors came to the ice in larger groups, with the mindset of big science, both national and international. Loewe was already well advanced in his career by the 1950s, and retired in 1959. From the mid1940s he taught increasing numbers of meteorological students, especially those destined for the Bureau of Meteorology, which had its headquarters in Melbourne. One student, Uwe Radok, however, became something of a protégé, especially in matters of glaciological research. Melbourne, was promoted to senior lecturer in 1957 and became reader-in-charge in 1961. A 1968 profile of Radok noted: 'He arouses and maintains interest as much by letter-writing as by rapid conversation and pungent comment', as well as being 'famous for his sartorial splendour' while on field excursions, 'best described as "International War Surplus", featuring an irregular camouflage design'. 35 Radok was the driving intellectual and programmatic force behind Australian glaciology from 1960. Radok described Australia as being 'late in the field', yet he was confident that Australians could do focused work to illuminate the glaciological elements of 'Antarctica as a whole'. 36 Because Australian glaciology was charged, in part, with maintaining Australian sovereignty, it claimed expansive horizons and projects for its research. As Radok put it in 1963:
The regions of the three ANARE stations on the Antarctic continent exemplify the full range of its features, from fast ice streams embedded in the unbroken continental ice sheet (Wilkes) through mountain chains ringing a major ice shelf (Mawson) to a de-glaciated oasis (Davis). The problems and opportunities facing Australian glaciologists are therefore those of Antarctica as a whole.
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With Radok as one of their instructors, Australian students began to conduct more extensive glaciological studies in Antarctica, though always on a scale commensurate with Australia's limited resources. They conducted traverses from Mawson, Wilkes and Davis stations, taking seismic soundings, digging pits, boring holes, measuring temperatures and analysing firn stratigraphy and structure (firn being the intermediate stage in snow's transformation into ice). 38 Radok himself led micrometeorological investigations, studying the way snow drifted in several locations, including at American stations. A particularly significant early investigation was the multi-season field study of the Amery Ice Shelf between 1962 and 1965; a small team camped upon the ice shelf during the summer seasons, and the results by 1965-66 were the most extensive for any ice shelf at the time, and remained so until the late 1970s. 39 From 1964, Australian glaciologists also took advantage of the small ice cap near Casey Station to advance basic glaciological work. The Wilkes ice cap-officially known as Law Dome after 1970-was an ice sheet in miniature, separated from the main East Antarctic ice sheet, and a useful microcosm for studying ice dynamics in general-this work yielded strong published results by the end of the decade. 40 42 That computer, CSIRAC, had been developed for the radiophysics division of CSIRO, and was one of the earliest vacuum-tube storedprogram computers in the world. The meteorology department began using the computer for weather forecasting. One of the earliest masters students to use CSIRAC was Dick Jenssen, an avowed science fiction fan who had received 'spotty and inconsistent results' in his third year of undergraduate studies and was not expecting to be admitted to a masters program-suggesting, perhaps, that there was not a great student demand to undertake research training in glaciology and meteorology at the time. Jenssen, under Radok's instruction, used CSIRAC to run a barotropic model and make weather predictions. 43 Jenssen went on to receive a PhD; after spending three years as an assistant professor at the University of Wisconsin, Madison, from 1963 to 1966, he returned to the meteorology department at Melbourne. 44 CSIRAC stopped operation in 1964, replaced by a more up-to-date IBM, but certainly allowed for a certain view of the ice sheet and geophysical work in general in the meteorology department.
Computer modelling, therefore, became one of the sources of energy for Australian fieldwork. Drilling on the Law Dome and Amery Ice Shelf and the traverses would pump much-needed empirical data into the early computer models of ice dynamics. One of the glaciologists who so effectively used the computational power at the department's disposal-as well as being an excellent fieldworker at this time-was Loewe and Radok's student William (better known as Bill) Budd The work of Budd, Radok and Jenssen created a virtual whole ice sheet in the Melbourne computer, and in the process truly cemented Melbourne's place as a leading glaciological centre. Though their work was published throughout the decade, the significant articulation of it came in 1971, with the monograph Derived Physical Characteristics of the Antarctic Ice Sheet. In that work they stated their principal aim: to calculate 'various unknown physical characteristics of the Antarctic Ice Sheet as a whole, from the data available. These characteristics include the temperature and velocity distributions, the age of the ice, the particle paths and patterns of flow, and the state of balance'. 46 It is clear that Radok had a high regard for the computational and modelling work of his department; indeed, he stated that these models would guide others to situate their fieldwork in particular ways. 47 By around 1970 then, the glaciology program of the Melbourne meteorology department and the Australian Antarctic Division (conjoined and overlapping institutions, it must be remembered) had grown from small, if auspicious origins, to become a premier centre of Antarctic glaciology in the world (though still small, to be sure). As interpreters of the Antarctic ice sheet, Radok, Budd and their colleagues were in possession of strategic sites in the field-the Amery Ice Shelf and Law Dome-as well as the intellectually significant site of the computer-generated model of the 'derived' or virtual ice sheet. If the fieldwork helped to instantiate Australian sovereignty over the ice sheet, the derived, modelled ice sheet was perhaps less conducive to Australian sovereignty, though important for Australian standing and authority, both scientifically and politically.
Territoriality and internationalism
By the late 1960s, knowledge of the Antarctic ice sheet had advanced considerably. Traverses, fieldwork, early computer work and theoretical and conceptual developments were all fleshing out the contours of the ice sheet. But there were still great gaps in knowledge. 48 This period also marked a turning point in several areas. Locally to Australia, ANARE glaciology became organisationally independent of the Melbourne University meteorology department in 1970, though it remained co-located for a time. 49 At the international scale, from 1968, plans emerged for a concerted glaciological program among the relevant Antarctic states. This crystallised into the International Antarctic Glaciological Project (IAGP). These two developments saw the ice sheet become the subject (in both a renewed and novel sense) of territoriality and internationalism. The Australian program could make the ice sheet meaningful as a body for nationalistic enterprise, at the same time as the IAGP (with Australia a member) could internationalise, indeed globalise, the ice sheet. And by straddling particular aspects of the sheet and its breadth, Australian efforts within the IAGP authored the ice sheet and authorised Australian presence.
In September 1968, the Scientific Committee on Antarctic Research (SCAR) Working Group on Glaciology and the International Association of Scientific Hydrology Commission on Snow and Ice convened a major conference on Antarctic glaciology at Dartmouth College in the United States, titled the International Symposium on Antarctic Glaciological Exploration (ISAGE). With 125 glaciologists and geophysicists present and 60 papers presented, the conference was perhaps the largest such gathering to date. Although the great majority were Americans, the number of glaciologists present spoke to the significant developments in the discipline, especially for Antarctica, over the previous decade. 50 The conference was a turning point. Radok described it as 'the first comprehensive review of our knowledge about the Antarctic ice sheet and of techniques for its exploration'. 51 There was also the thrill of incipient and new research: there were reports on the ice-core drilling conducted at Byrd Station (1966-68) and the beginnings of radio-echo sounding.
This conference also hosted planning meetings for future research. A year earlier, scientists from France, the Soviet Union and the United States began discussing joint glaciological work in East Antarctica, specifically in the region bordered, generally, by the American McMurdo, the Soviet Vostok and the French Dumont d'Urville stations. While the IGY traverses had been extensive in West Antarctica, the East Antarctic Ice Sheet-by far the bulk of the whole Antarctic ice sheet-had remained under-studied. The 1968 ISAGE conference saw these ideas form into a concrete program to study the ice sheet between 90° and 160° east, with Britain and Australia joining the effort-the program became known as the International Antarctic Glaciological Project. 52 In the French proposals for the IAGP, the program was envisaged as a study of the 'natural conditions prevailing on that continent, which have an influence on the planetary scale'. 53 By May 1969, the participating countries had agreed to a project outline. The aims were 'determining the glaciological regime and processes, and deducing some of the history and future, of a sizeable part of the East Antarctic ice sheet'. It described the ice sheet as 'a record of precipitation', containing 'unique information on the terrestrial and extra-terrestrial environment; it also plays an important boundary role for the atmospheric and oceanic circulations'. The project aimed:
to clarify the relationships among the size, shape and glaciological regime of the ice sheet; to reconstruct various stages of its development, their causes, and their effects on the atmosphere and the world ocean; to assess the relationships between the ice sheet and changes in climatic conditions; to determine any changes in size and regime taking place at the present time; and to trace events of human and natural origin recorded in the ice.
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These questions would be addressed through several methods. First, the IAGP envisaged an extensive traverse program, with a significant range of geodetic, geophysical, seismological and other physical and chemical measurements. Second, there would be an airborne radar (radio-echo) sounding program. Third, there would be deep drilling and ice core studies. And finally, observations would be made at the ice margins through aerial photography and ground studies. 55 The program, in short, combined both the demands of basic survey and observation that had been a part of glaciological research from the beginning, with the new technologies and approaches of radio-echo sounding and deep ice-core drilling. Later in the planning, it became an explicit element of the IAGP that this data collection would be fed into theoretical models (especially those developed by Radok, Budd and Jenssen in Melbourne), and that the models could guide data collection efforts, to aid a greater understanding of the ice sheet's past and future and its processes.
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The advent of the IAGP was both a challenge to and confirmation of Australia's Antarctic position. With few resources, but significant intellectual inheritance and power, the Australian Antarctic Division had fashioned a respectable, indeed significant, glaciological program-it had clearly helped construct the contemporary idea of the ice sheet. Radok, as SCAR representative rather than as Australia's representative, was invited to take part in the inaugural IAGP meeting in early 1968; he described that invitation as 'both a concession and a compliment to Australia's standing in Antarctic glaciology'. 57 Radok wanted Australia to join this effort. He saw it as 'a unique opportunity for getting our program aligned with the major new development in Antarctic research and for laying the basis of future cooperation, with all the resulting logistic and other benefits. Nothing quite like it will recur'. 58 Radok saw a confident position for Australia in the IAGP because of its particular perspective on the ice sheet. In a letter to a senior Australian bureaucrat he reflected that, while Australians were sometimes 'overawed … by the logistic resources of the American and Russian expeditions', scientists in those and other countries 'have an obvious respect' for the Australians, especially given that it was the Australians who had the 'mathematical equations' that might very valuably show 'the way to new meaningful measurements'.
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Yet others were not as welcoming as Radok. From a geopolitical perspective, an Australian diplomat stated that 'we ought to discourage the concentration of a major international Antarctic scientific program in any limited area of Antarctica (especially within our territory) unless there are sound scientific reasons to the contrary'. That officer went on to suggest that any international scientific cooperation should be 'carried out on continental basis so as to avoid an unbalanced emphasis on one area (which in this case happens to be Australian Antarctica) ' . 60 In an internal Australian meeting on IAGP proposals, that diplomat 'noted that scientists are also political animals, and that Russia and the United States have as a political aim the complete internationalisation of Antarctica or, alternatively, the making of claims at the expiration of the Treaty'.
61 Some officials saw the IAGP plans as a slight, in that these international scientists did not recognise the Antarctic ice sheet as a legitimate site of Australian endeavour-or that Australian endeavour did not meaningfully constitute the Antarctic ice sheet for others. In both the geopolitical and disciplinary environments, the ice sheet was not an easy or frictionless site for projecting or carrying Australia's identity and aspirations for territorial occupation.
Whether a compliment or challenge to Australia's glaciological standing, Australia did join the IAGP officially soon after its inception. Luckily, the IAGP did not demand a fundamental change of ANARE's and the department's plans, which remained focused on existing areas of strength. The project would allow Australian scientists and their government to manifest a certain territoriality of the ice sheet within an international framework. 62 In the first half of the 1970s, ANARE concentrated its fieldwork on the 'flowline' between Casey and Vostok stations, and on investigating the Wilkes Ice Cap-Vostok Station was also the site of Russian ice-core drilling efforts with French analytical research, which, by the late 1980s, had led to some of the earliest compelling evidence of the links between atmospheric carbon dioxide levels and temperature. The flowline work concentrated on tracing the paths of ice particles from the sites of their deposition high on the ice sheet to their sites of calving and wastage. In the late 1970s, Australians also joined Soviet traverses between the coastal Mirny Station and Dome C (see Figure 1 for a general outline of Australian traverse routes during the IAGP). The other participants also proceeded with their own work. The airborne radio-echo sounding was particularly active. 63 Of Australia's fieldwork, the multi-season traverse of the 2,000 m contour line is noteworthy. Having successfully traversed inland to Vostok, from the 1974-75 season Australian glaciologists began planning a massive traverse effort across the breadth of the ice sheet; in fact, the Australian glaciologists seemed to be the only ones interested in providing this 'cross-basin' effort. 64 The choice of the 2,000 m contour line was mostly pragmatic. A traverse nearer the coast, along a lower contour, would have had a more variable and difficult time, while the 2,000 m contour was a good deal straighter and easier to navigate; in any case, the traverses were never strictly only along that contour. 65 Although there were five IAGP participating nations, only the Soviet Union had a ground-traverse program as extensive as Australia's. Indeed, the Australians and Soviets joined forces on four major traverses during the program. Britain and United States concentrated on airborne radio-echo sounding, and the French concentrated their efforts drilling at Dome C. The traverses differed from radio-echo sounding and drilling because they were designed to be repeated in the shorter term. The markers laid down on the routes had to be remeasured to assess the movement of the ice, whereas the drilling at Dome C was arguably one-off, and the radio-echo sounding, though certainly repeatable, was intended, over the course of a few years, to reveal the thickness of the whole ice sheet-culminating in a major cartographic depiction. The Australians, and the Soviets to a different degree, valued, indeed demanded for both scientific and territorial reasons, mobility and marking of the ice sheet. While the traverse efforts began in an internationalist spirit, by the 1980s, the rhetorical emphases of the traverses morphed, as the ice sheet became more firmly a site of nationalist and geopolitical contest, as well as increasingly a 'global' object. In 1984, the ANARE glaciologist Neal Young described the traverse program as 'the Division's most visible and unique activity on the continent. It has a direct application in expression of sovereignty as well as producing results used in glaciology and other disciplines'. 66 As well as the resurgent vision of a plane of sovereign contest and assertion, the ice sheet was also enrolled as a resource-filled body into the main exploitation narratives of the 1980s. In an article titled 'Australia's Interest in the Antarctic Ice Sheet' in 1986, Bill Budd enumerated 'the unique assets of Antarctica', concentrating on the environmental and data resources contained in the ice sheet. 67 The IAGP was initially planned for a (flexible) 10-year period, though it did extend into the 1980s. In the early 1980s, it began to morph into other international research efforts, including the World Climate Research Programme, suggesting how the ice sheet was becoming a more global object connecting to questions of climate. 68 In 1985, with the IAGP mostly passed, Radok could write that Antarctica could 'even today' be described as 'terra incognita'. 69 While he could confidently state the basic contours of the ice sheet-drawn especially from the airborne radioecho sounding work-he could not make any great statements on the ice sheet's regime; though he could state that it was Australian traverse work, alongside Russian counterparts, that had helped to provide answers to regime questions.
Conclusion: The tensions between glaciological bodies
well and truly over, with Antarctic science entering a more globally focused and interdisciplinary phase, in which Australian scientists were enthusiastic and leading participants. 71 The story of these mutual engagements of glaciological bodies-Australian-based glaciologists and the Antarctic ice sheet-offers three tensions to consider as a way forward for considering not only ice but other elements and materials of the global environment. First, it is worth considering the variable centrality of the ice sheet in this story. That is, the ice was sometimes a central object of concern and sometimes it seemed little more than a stage for governmental or individual effort. Potentially mineral-bearing rock and marine populations were often of more interest to the Australian Government, though not of course to the glaciologists. The irony of this tension, given that the Antarctic ice sheet is the largest body of ice on earth and the feature that defines the Antarctic environment is, of course, notable. Second, there is a tension of embodiment and abstraction, the view of the ice sheet from a very specific, material place or from the enumerated and data-rich perspective of the 'ticking robots' (as Loewe would put it), the computer models and their equations. While the fieldwork heroics were often valorised professionally and in the media-and therefore leading to a particular perspective on knowing the ice-more abstract ways of seeing the ice were less valorised. And, finally, there is a tension between a small or localised view of the ice sheet, and one of the whole ice sheet. If, from a scientific perspective, both scales were (and are) needed, geopolitics has often demanded control and expansiveness across the whole sheet.
Each of these tensions is suggestive for challenges in the present. Intellectual and affective relationships with ice might become more important and simultaneously more troublesome, given that continuing and accelerating global environmental change means a diminished cryosphere. While computer models and forecasts are demanded by policy-makers and scientific forecasters, the political will and energy generated by affective relationships with place are difficult for sites where permanent human settlement is difficult and historically sparse or non-existent. The Australian experience of glaciology and the Antarctic ice sheet suggests stories and resources that might be drawn upon, but also the challenges of constituting and living with glaciological bodies. 
